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Abstract of JP200028681 7 

PROBLEM TO BE SOLVED: To provide an 
interpolation system giving an excellent 
estimate of a response of a transmission line 
as an interpolation system on time basis in the 
case equalization is conducted in the 
frequency domain where a multiplier being a 
cause to increase the circuit scale is not 
required. 

SOLUTION: An adder 21 of this OFDM 
receiver sums pilot signal transmission line 
response estimate values H-(l.kp,l) and H- 
(l+4,kp,l+4) using an adder 21, a bit shift circuit 
22 shifts the sum by 1-bit to obtain a value H- 
(l+2,kp,l+2). Furthermore, an adder 23 sums 
the value H-(l,kp,l) and the output of the bit 
shift circuit 22, a bit shift circuit 25 shifts the 
obtained sum by one bit to obtain a value H- 
{l+1.kp,l+1). Similarly, an adder 24 sums the 
value H-(l+4,kp,l+4) and the output of the bit 
shift circuit 22. and a bit shift circuit 26 shifts 
the obtained sum by one bit to obtain a value 
H-(l+3.kp.l+3). Thus, no multiplier is required 
so as to reduce the scale of hardware. ^ 
Moreover, storage of two pilot signals on time 
basis is sufficient to each carrier where the 
pilot signals are transmitted and the memory 
scale can also be decreased. 
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hVWn-^ h^Cj:^i^j||^f#t^'\ 3^i^3 : Wireless pers 
onal Communications 2: 335-356, 1996, Hara "Transm 
ission Performance Analysis of Multi -Carrier Modul 
ationin Freguency Selective Fast Rayleiqh Fading C 
hannel" ) „ 

[0 0 0 4 ] y :s,-iy^^/Ji:)^-^m^Ct^^^cmK 

1^0 F \:^Miy-:^^^)hnr^\^mm^mifim)yt 1 

-282, ttmfiij "m.^-^)i^^'¥^ 'jr^m^c^oC^^tf- f 
[0 0 0 5 ] i|^i^^lti^rco^{b^coi>ri5i0^T 

[0 0 0 6 ] HI 3^C, m^BV B - T ^.r-ACD^-^ ^ 
hiM^^m^^^-r. k{$,*-^'a.TI|-^-^-( carrier in 
dex) X^^K^. 1 ^3:^>>j1^';U#-^ (symbol index) X^ 
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o,,)/X(l ,k,.,)^*^^<ii5i)5r't-5o L^^L. ~ 

[0 0 0 9 ] Bm^^^z^'^<DmmmH^Q i , k , . , )^^. 0^ 
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30 k, . , 1 6 ^cri^^t-^c <!: r\ ^mjtm(Dv' 

2^Xa Ck'TrO^ Y(I ,,k...„oXH-^Cl ,k,.,)^f# 

[ 0 0 I 0 ] in 1 5 ( a ) tC/<^ a h (f-^^OH^?!^^ ti 
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mi^(Dmi li ^tf ^ c i ^wf^ tr^. 
[oo3g;]:(8) (5) (Dmm^a^^^x. mnEmmM. 

X. mw^t\:i'y hi^y hmmm^mi^^ct^w^ 
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Japanese Patent Application Laid-open No. 2000-286817 
[Title of Invention] OFDM RECEIVER 
[Abstract] 

[PROBLEM TO BE SOLVED] To provide an interpolation system giving 
an excellent estimate of a transmission line response requiring no multiplier 
that increases a circuit scale as an interpolation system on time basis in the 
case where equalization is conducted in a frequency domain. 

[SOLUTION] An adder 21 adds transmission line response estimate values 

H(l,kp,i) and H(l+4,kp,i+4) of pilot signals, a bit shift circuit 22 shifts the 
obtained result by 1 bit to obtain a value H(l+2,kp,i+2). Furthermore, an 
adder 23 adds the value H(l,kp,i) and the output of the bit shift circuit 22, a 
bit shift circuit 25 shifts the obtained result by 1 bit to obtain a value H 
(l+l,kp,i+i). Similarly, an adder 24 adds the value H(l+4,kp,i+4) and the output 
of the bit shift circuit 22, and a bit shift circuit 26 shifts the obtained sum by 

1 bit to obtain a value H(l+3,kp,i+3). Thus, no multiplier is required, so that 
the scale of hardware can be reduced. Moreover, storage of two pilot signals 
on time basis is sufficient to each carrier where the pilot signals are 
transmitted, so that the memory scale can also be reduced. 
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[ Claim 1 

1. An OFDM receiver receiving an OFDM (Orthogonal Frequency 
Division Multiplex) signal having a pilot signal whose amplitude and phase 
are known arranged on a frequency axis and a time axis at approximately 
equal intervals, processing and estimating a transmission line response of 
the pilot signal as a binary digital signal, and interpolating a transmission 
line response of a received data signal to perform an equahzation in a 
frequency domain, comprising: 

addition means sequentially taking out a successive first and a 
second pilot signal on the time axis fi-om a received output of the OFDM 
signal and adding a first and a second transmission line response of the first 
and the second pilot signal; and 

interpolation means obtaining a third estimated transmission line 
response by shifting an addition result of the addition means by a bit and 
interpolating the transmission line response of the data signal between the 
successive first and the second pilot signal on the time axis by using at least 
the third estimated transmission line response. 

2. An OFDM receiver receiving an OFDM (Orthogonal Frequency 
Division Multiplex) signal having a pilot signal whose amplitude and phase 
are known arranged on a frequency axis and a time axis at approximately 
equal intervals, and interpolating a transmission fine response of a received 
data signal by using the pilot signal to perform an equalization in a 
frequency domain, comprising: 

signal arranging means sequentially taking out successive pilot 
signals on a time axis fi-om a received output of the OFDM signal, and 
arranging the pilot signals in a time series by inserting 0 at an arrangement 
position of the data signal between the pilot signals; and 

interpolation means interpolating the transmission line response by 
performing a convolution operation to the signal arranged in the time series 
by the signal arranging means. 

3. An OFDM receiver receiving an OFDM (Orthogonal Frequency 
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Division Multiplex) signal having a guard term formed by copying a tail 
section of a valid symbol term to a head of the valid symbol term, calculating 
a variation of a transmission line response from the tail of the guard term 
and the tail of the valid symbol term of the received OFDM signal, and 
performing an equalization on a time axis by using the variation of the 
transmission line response, comprising* 

transmission line response estimation means dividing the vahd 
symbol into a plurality of blocks, and estimating the transmission line 
response of the blocks from the variation of the transmission line response; 
and 

time domain equalization means performing an equalization in a 
time domain for the valid symbol term based on the plurality of transmission 
line responses obtained by the transmission line response estimation means. 

4. The OFDM receiver as claimed in claim 3, wherein the transmission 
line response detection means use an adder and a bit shift circuit device for 
performing operation to obtain a plurality of transmission line responses 
existing within the valid symbol from the variation of the transmission hne 
response. 

5. An OFDM receiver receiving an OFDM (Orthogonal Frequency 
Division Multiplex) signal having a guard term formed by copying a tail 
section of a vahd symbol term to a head of the valid symbol term and a pilot 
signal whose amplitude and phase are known arranged on a frequency axis 
and a time axis, comprising"- 

time domain equalization means calculating a variation of a 
transmission Une response from the tail of the guard term of the received 
OFDM signal and the tail of the valid symbol term, dividing the vahd symbol 
into a plurality of blocks, estimating the transmission line response of the 
blocks from the variation of the transmission line response, and performing 
an equaUzation in a time domain for the valid symbol term based on the 
pluraUty of transmission line responses; and 

frequency domain equalization means processing and estimating a 
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transmission line response of the pilot signal as a binary digital signal, and 
interpolating a transmission line response of a received data signal to 
perform an equalization in a frequency domain, 

6. The OFDM receiver as claimed in claim 5, wherein the frequency 
domain equalization means sequentially take out a successive first and a 
second pilot signal on the time axis from a received output of the OFDM 
signal and add a first and a second transmission line response of the first 
and the second pilot signal, obtain a third estimated transmission line 
response by shifting an addition result by a bit, interpolate the transmission 
line response of the data signal between the successive first and the second 
pilot signal on the time axis by using at least the third estimated 
transmission line response, and perform the equalization in the frequency 
domain based on the estimated transmission line response interpolated. 

7. The OFDM receiver as claimed in claim 5, wherein the fi-equency 
domain equalization means sequentially take out successive pilot signals on 
a time axis fi-om a received output of the OFDM signal, arrange the pilot 
signals in a time series by inserting 0 at an arrangement position of the data 
signal between the pilot signals, interpolate the transmission line response 
by performing a convolution operation to the signal arranged in the time 
series, and perform the equalization in the frequency domain based on the 
estimated transmission line response interpolated. 

8. The OFDM receiver as claimed in claim 5, wherein the time domain 
equahzation means use an adder and a bit shift circuit device for performing 
operation to obtain a plurality of transmission line responses existing within 
the valid symbol from the variation of the transmission line response. 

[Detailed Description of the Invention] 
[0001] 

[Technical Field to which the Invention belongs] 

The present invention relates to an OFDM receiver receiving an 
OFDM (Orthogonal Frequency Division Multiplex) signal. 
[0002] 
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[Prior Art] 

As a terrestrial digital broadcasting system, the OFDM (Orthogonal 
Frequency Division Multiplex) system has been studied in Europe and in 
Japan. The OFDM system performs a multiplexed transmission of numerous 
carriers within one channel of a bandwidth (1705 lines in 2k mode in 
European DVB-T system; Document i: EBU/ETSI JTC: Digital Broadcasting 
system for television, sound and data services; Framing structure, channel 
coding modulation for digital terrestrial television, ETS 300 744, Mar. 1996) . 
The DVB-T system transmits a pilot signal whose amplitude and phase are 
known in the sub-carriers. 
[0003] 

When an OFDM signal is received by a mobile unit, a received signal 
is influenced by a Rayleigh fading in which an ampUtude has a Rayleigh 
distribution and a phase has a uniform distribution. As a technology for 
compensating this influence, there is a method in which the 
above-mentioned pflot signal is interpolated in a time direction and 
observing a variation between the pilot signals, thereby estimating the 
transmission line response by the time variation of the amphtude and the 
phase of the received signal and performing an equahzation in the frequency 
domain based on the estimation result. This method has already been 
reported in institutes and the like (e.g. Document 2: ITE Vol.52, No.ll 1998, 
Takada et al. "Transmission Characteristic by OFDM Symbol Length and 
Scattered Pilot in Terrestrial Digital Broadcasting", Document 3: Wireless 
personal Communications 2: 335-356, 1996, Kara "Transmission 
Performance Analysis of Multi-Carrier Modulation in Frequency Selective 
Fast Rayleigh Fading Channel") . 
[0004] 

On the other hand, as the speed of the fading is enhanced, Doppler 
broadening of the carrier cannot be neglected, so that an inter-carrier 
interference (ICI) is generated. In other words, this is equivalent to the 
variation of the transmission line response within a single OFDM symbol. As 
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a technology for compensating the transmission line response variation 
within the single OFDM symbol, a method by the equalization in time 
domain is reported in institutes (Document 4- 1997 lEICE General 
Conference, B5-282, Hashizume et al. "High-speed Fading Compensation 
System using Guard Interval in Orthogonal Multi-carrier Modulation" ) . 
[0005] 

Firstly, the equalization in the frequency domain will now be 
described. 
[0006] 

Fig. 13 shows a pilot signal arrangement in the European DVB-T 
system, where k is a carrier index, and 1 is a symbol index. As a pilot signal, 
there is a continual pilot (CP) which is continually transmitted by the same 
carrier irrespective of the transmission symbol index, and a scattered pilot 
(SP) which is transmitted by a different carrier per transmission symbol. In 
Fig.20, the SP shown by black circular marks is transmitted to carriers of 
twelve lines at carrier positions kp,i=12p+3*(l mod 4), p=0, 142, 1=0, 
67 (symbol number of 1 frame), and cyclically inserted so that the same 
carrier arrangement is obtained every four symbols (where maximum of kp,i 
is 1704). Also, the data signal is transmitted by 1512 lines of carriers 
excluding the CP and the SP and the carrier arrangement can be given by ka.i, 
d=0, 1511, 1=0, ...,67 (where kd,i^kp,i). 
[0007] 

On the other hand, when observed in a symbol direction (time 
direction), it is found that the SP is transmitted every 4 symbols at the 
position of multiples of 3 as the carrier index. Therefore, when performing 
the equalization in the frequency domain, it requires that the transmission 
line response is interpolated for the three data signals between the pilot 
signals. 
[0008] 

The equalization in the frequency domain will now be described 
referring to Fig. 14. Fig. 14 shows an arrangement of a base band 
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demodulator including an equalizer of the frequency domain. A received 
OFDM signal Y(l,k) having transformed into the signal of the frequency 
domain by an FFT (fast Fourier transform) circuit 11 is decomposed into a 
received data signal Y(l,kd.i) and a received pilot signal Y(l,kp,i) excluding the 
CP. The pilot signal has a known complex ampUtude X(l,kp,i) and prestored 
in a memory 12. Therefore, if a noise is not added in the transmission line, a 
transmission Une response H(l,kp.i)=Y(l,kp.i)/X(l,kp,i) of a sub-carrier k=kp.i 
transmitting the received pilot signal can be obtained by dividing the 
received pilot signal Y(l,kp.i) by a complex ampHtude X(l,kp.i) stored in the 
memory 12 at a division circuit 13. However, the noise is generaUy added in 
the transmission line, so that the transmission line response of the carrier 
transmitting the pilot signal assumes an estimate H(l,kp,i). 
[0009] 

Regarding the estimate H(l,kp,i) of the transmission line response, 
the transmission line response H(l,kd.i) of each received data signal is 
interpolated in carrier direction at a carrier filter 15 after having passed 
through a symbol filter 14 interpolating the transmission Une response in a 
time direction (symbol direction), thereby estimating the transmission Une 
response in the carrier transmitting the data signal. By dividing the received 
data signal Y(l,kd,i) by the estimated transmission line response H(l,kd,i) 
thus obtained at a division circuit 16, the data X(l,kd,i)=Y(l,kd.i)/H(l,kd.D after 
the equaUzation can be obtained. 
[0010] 

Fig.l5(a) shows an example of the transmission Une response at a 
carrier position where the pilot signal is transmitted. Fig. 15(b) shows a 
schematic diagram of the pilot and the data signal arrangements. Both 
diagrams show time (in symbol direction) on the abscissa, and the pilot 
signal is transmitted every four carriers. In a Rayleigh fading transmission 
Une of the maximum Doppler frequency fd, each transmission carrier 
generates a broadening of ±fd, and the received signal fluctuates with time as 
shown in Fig. 15(a). 
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[0011] 

As examples reporting the estimation method of the transmission 
hne response in the received data signal between the pilot signals, a method 
of holding the transmission line response of the pilot signal until the next 
pilot signal is transmitted (Document 2), and a method of performing a 
linear interpolation between the pilot signals (Document 3). 
[0012] 

As for the method of holding the transmission line response of the 
pilot signal until the next pilot signal is transmitted, and obtaining the 
transmission line response of the data signal between the pilot signals, the 
hardware is extremely simple, and is effective for a transmission line whose 
transmission line response does not fluctuate with time. However, in case 
where the transmission line response fluctuates with time as in a fading 
transmission line, the characteristic deterioration occurs on the contrary. On 
the other hand, the method of performing a linear interpolation between the 
pilot signals is effective for a transmission line whose transmission hne 
response fluctuates with time, but the hardware scale becomes large since 
multipUers and adders are required. 
[0013] 

The equalization in the time domain will now be described. 

[0014] 

As shown in Fig. 16, the OFDM signal has an arrangement where the 
tail of the valid symbol term is added to the head of the vaUd symbol as a 
guard interval. By using this characteristic of the OFDM signal, signal 
processing such as AFC, timing reproduction and mode determination is 
performed. Also, although the number of carriers is few compared with the 
digital broadcasting, examples of application in equalization of the signal 
having suffered from the fading interference have been reported (Document 
3). 

[0015] 

Fig.l7 shows an OFDM symbol arrangement and the transmission 
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line response example upon receiving the fading distortion. The OFDM 
symbol is sampled at a timing T of an IFFT (inverse fast Fourier transform) , 
and a valid symbol term is sampled at N points. The sample points from N+1 
to Ng+N in a valid symbol term are copied to the sample points of 0 to Ng-1 as 
the guard interval. 
[0016] 

Assuming that a transmission line where a time is unchanged and no 
noise exists, the tail portion of the valid symbol term and the guard interval 
term are received as the same signal. However, in a general receiver, the 
noise is added and when the fading transmission line is assumed as shown in 
the transmission line response example, the received sample points are 
influenced by distortion in the amplitude and the phase, so that the tail 
portion of the valid symbol term and the guard interval term are received as 
different signals. 
[0017] 

The equalization in the time domain is a method of equalizing the 
signal by estimating the transmission line response from the difference 
between received signals in the tail portion of the valid symbol term and the 
guard interval term. The received signal at each sample point is given by the 
following equation: 
[Eq.l] 

Xn=Xr(n)+j-Xj(n) (1) 

[0018] 

Also, the variation of the signals in the tail portion of the valid 
symbol term and the guard interval term is calculated by the following 
equation: 
[Eq.2] 
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[0019] 

In the above equation, the denominator within S indicates the 
received sample points from the last sample point within the guard interval 
to the k preceding sample points, and the numerator indicates the received 
sample points from the last sample point of the valid symbol to the k 
preceding sample points. Thus, by obtaining the variation of signal by 
averaging the ratio of a plurality of received sample points, it is made 
possible to reduce the influence of the Gaussian noise added independently 
at the sample points. 
[0020] 

As a method of estimating the transmission line response at the 
received point within the valid symbol from the variation h of the signal, the 
Hnear interpolation will now be described. Fig. 18 shows a schematic diagram. 
[0021] 

In the linear interpolation, the transmission Une response of the 
sample index Ng-1 is made 1, and the transmission line response of Ng+N is 
made h, thereby linearly interpolating the transmission line response from 
the sample index Ngto Ng+N. In this case, the estimated transmission Une 
response for each sample is given by the following equation: 
[Eq.3] 

hn=1- ^""^^^^^ ' Where Ng<n<Ng+N (3) 

[0022] 

By dividing the received signal Xn by the transmission line response 
hn thus obtained, the received signal x„' after the equahzation is obtained. 
[Eq.4] 

X'rt= where Ng < n < Ng + N (4) 
"ft 

[0023] 
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Since the transmission line response for each sample point is 
calculated as shown in Eq.(3), the linear interpolation becomes complicated 
when the hardware is considered. 
[0024] 

As described above, in the OFDM system, the equalization is 
performed by interpolating the transmission line response by using the pilot 
signal and dividing the received data by the estimated transmission line 
response. Also, by using the correlation of the guard interval, the 
equaUzation in the time domain is made possible. The S/I ratio (signal to 
interference) of the signal after equahzation of the received OFDM signal in 
the frequency domain is now defined as follows^ 
[Eq.5] 

g (Energy per symbol of received OFDM signal ) 

1 (Energy of d i f f erence between transm i ss i on pel nt and r ecept i on po i nt for 
each sub-carrier in frequency domain) 



[0025] 

Namely, assuming that N is the point number of the FFT, yn is the 
n-th sample point in the vaUd symbol term of the received OFDM signal, xk 
and Xk are respectively the transmission point and the reception point of the 
k-th sub-carrier, the S/I can be given by the following equation: 
[0026] 
[Eq.6] 

[0027] 

[Problem to be solved by the present invention] 

As described above, in the prior art receiver, as an interpolation 
method for estimating the transmission line response in time direction in the 
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frequency domain, the method (Document 2) of holding the transmission Une 
response of the pilot signal until the next pilot signal is transmitted to be 
made the transmission line response of the data signal between the pilot 
signals is extremely easy to be realized by the hardware and effective for a 
transmission line where the transmission line response does not fluctuate 
with time. However, in a case where the transmission line response 
fluctuates by time as in a fading transmission line, the above-mentioned S/I 
characteristic is deteriorated. 
[0028] 

Also, the method (Document 3) of performing the linear interpolation 
between the pilot signals is effective for the transmission line where the 
transmission line response fluctuates with time, while there is a problem 
that the hardware scale becomes large since the multipliers and the adders 
are reqviired. 
[0029] 

On the other hand, as for the equalization in the time domain, when 
the linear interpolation is performed to the signal within the valid symbol as 
shown in the Document 4, the multiplier and the Uke are required for 
calculating the transmission line response for the sample points, so that 
there is a problem that when hardware is considered the equahzation in the 
time domain becomes compHcated. 
[0030] 

Therefore, in order to resolve the above-mentioned problem, the 
present invention provides an OFDM receiver of an interpolation system 
giving an excellent estimate of a transmission line response and requiring no 
multipUer that increases the circuit scale as an interpolation system on time 
basis in the case where equalization is conducted in a frequency domain. 
[0031] 

[Means for solving the Problem] 

In order to solve the above-mentioned problem, the present invention 
has a characteristic arrangement as follows: 
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[0032] 

(1) An OFDM receiver receiving an OFDM signal having a pilot 
signal whose amplitude and phase are known arranged on a frequency axis 
and a time axis at approximately equal intervals, processing and estimating 
a transmission line response of the pilot signal as a binary digital signal, and 
interpolating a transmission line response of a received data signal to 
perform an equalization in a frequency domain is characterized by 
comprising: addition means sequentially taking out a successive first and a 
second pilot signal on the time axis fi-om a received output of the OFDM 
signal and adding a first and a second transmission line response of the first 
and the second pilot signal; and interpolation means obtaining a third 
estimated transmission line response by shifting an addition result of the 
addition means by a bit and interpolating the transmission line response of 
the data signal between the successive first and the second pilot signal on 
the time axis by using at least the third estimated transmission hne 
response. 

[0033] 

(2) An OFDM receiver receiving an OFDM signal having a pilot 
signal whose amplitude and phase are known arranged on a fi-equency axis 
and a time axis at approximately equal intervals, and interpolating a 
transmission Une response of a received data signal by using the pilot signal 
to perform an equalization in a frequency domain is characterized by 
comprising: signal arranging means sequentially taking out successive pilot 
signals on a time axis fi-om a received output of the OFDM signal, and 
arranging the pilot signals in a time series by inserting 0 at an arrangement 
position of the data signal between the pilot signals; and interpolation means 
interpolating the transmission line response by performing a convolution 
operation to the signal arranged in the time series by the signal arranging 
means. 

[0034] 

(3) An OFDM receiver receiving an OFDM signal having a guard 
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term formed by copying a tail section of a valid symbol term to a head of the 
valid symbol term, calculating a variation of a transmission line response 
from the tail of the guard term and the tail of the valid symbol term of the 
received OFDM signal, and performing an equalization on a time axis by 
using the variation of the transmission line response is characterized by 
comprising: transmission line response estimation means dividing the valid 
symbol into a pluraUty of blocks, and estimating the transmission line 
response of the blocks from the variation of the transmission line response; 
and time domain equalization means performing an equahzation in a time 
domain for the valid symbol term based on the plurality of transmission line 
responses obtained by the transmission line response estimation means. 
[0035] 

(4) In the arrangement of (3), the transmission line response 
detection means are characterized by using an adder and a bit shift circuit 
device for performing operation to obtain a plurality of transmission line 
responses existing within the vahd symbol from the variation of the 
transmission line response. 

[0036] 

(5) An OFDM receiver receiving an OFDM signal having a guard 
term formed by copying a tail section of a valid symbol term to a head of the 
vaUd symbol term and a pilot signal whose amplitude and phase are known 
arranged on a frequency axis and a time axis is characterized by comprising: 
time domain equalization means calculating a variation of a transmission 
line response from the tail of the guard term of the received OFDM signal 
and the tail of the valid symbol term, dividing the vahd symbol into a 
plurality of blocks, estimating the transmission line response of the blocks 
from the variation of the transmission line response, and performing an 
equahzation in a time domain for the vahd symbol term based on the 
plurality of transmission line responses; and frequency domain equahzation 
means processing and estimating a transmission line response of the pilot 
signal as a binary digital signal, and interpolating a transmission line 
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response of a received data signal to perform an equalization in a frequency 

domain. 

[0037] 

(6) In the arrangement of (5), the frequency domain equalization 
means are characterized by sequentially taking out a successive first and a 
second pilot signal on the time axis from a received output of the OFDM 
signal and add a first and a second transmission line response of the first 
and the second pilot signal, obtaining a third estimated transmission line 
response by shifting an addition result by a bit, interpolate the transmission 
line response of the data signal between the successive first and the second 
pilot signal on the time axis by using at least the third estimated 
transmission fine response, and performing the equalization in the frequency 
domain based on the estimated transmission line response interpolated. 
[0038] 

(7) In the arrangement of (5), the frequency domain equaUzation 
means are characterized by sequentially taking out successive pilot signals 
on a time axis from a received output of the OFDM signal, arranging the 
pilot signals in a time series by inserting 0 at an arrangement position of the 
data signal between the pilot signals, interpolating the transmission Une 
response by performing a convolution operation to the signal arranged in the 
time series, and performing the equalization in the frequency domain based 
on the estimated transmission line response interpolated. 

[0039] 

(8) In the arrangement of (5), the time domain equalization means are 
characterized by using an adder and a bit shift circuit device for performing 
operation to obtain a plurality of transmission line responses existing within 
the valid symbol from the variation of the transmission line response. 
[0040] 

Namely, in the interpolation method of the present invention, in 
order to estimate the transmission line response of the data signal between 
the pilot signals (in time direction), the pilot signals are added and then 
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multiplied by 1/2, the result thereof is further added with the pilot signal and 
then multiplied by 1/2 to interpolate and estimate the transmission line 
response of the data signal. The interpolation circuit is composed of an adder 
for adding the pilot signals, and a multiplier for multiplying the addition 
result by a coefficient, while in the receiver performing the signal processing 
with binary digital signals, the multiplier can be composed of a bit shift 
circuit having a simple arrangement, thereby reducing the hardware scale. 
[0041] 

On the other hand, regarding the equaUzation in the time domain, 
the valid symbol term is divided into a plurality of blocks, and allocating a 
fixed transmission Une response to the blocks, so as to reduce the hardware 
scale. Also, by substituting a bit shift circuit for the multiplier in order to 
obtain the transmission line response, the hardware scale is reduced. 
[0042] 

Moreover, by combining the equalizations in the time domain and the 
fi-equency domain, the excellent equalization characteristic can be obtained 
in a fading transmission line. 
[0043] 

[Form of Embodiments of the Invention] 

Hereinafter, embodiments of the present invention will be described 
in detail referring to the attached figures. 
[0044] 

Fig.l is a block diagram showing an arrangement of a transmission 
Une response interpolation circuit used in an OFDM receiver as the first 
embodiment of the present invention. The interpolation circuit of this 
embodiment uses a method of estimating the transmission line response of 
the data signal between the pilot signals by approximate linear interpolation 
of the transmission line response of the pilot signals, which will now be 
called a simplified linear interpolation hereinafter. 
[0045] 

Firstly, as an example in Fig. 15(a), the estimation of the 
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transmission line response of the data signal between an estimated 
transmission line response H(l,kp.i) of the pilot signal with a symbol index 1 
and the a carrier index p and a transmission line response H(H-4,kp,i+4) 
between the pilot signal with a symbol index 1+4 and the carrier index p will 
be described. The estimated transmission line responses are given by the 
following equations- 
CEq.7] 

H{l+2,kd.K2) = ^{h(| .kp,i)+H(l + 4,kp.,.4)} 

H(l+1.k^.m)=|[H(l.kpj)+KK''kpjhH(l+4,kp.,,4)}] <6) 

H(l+3.kdj*3) = ~[^{H(l.kpj)+H(l+4,kpj.4)}+H(l+4.kp.,+4)] 

[0046] 

In the above equations, for the data signal kd,i+2 in the middle of the 
pilot signals, the average of the transmission Une responses of the pilot 
signals kp.i and kp,i+4 is made the estimated transmission Une response, and 
for the data signal kd.i+i, the average of the estimated transmission Hne 
responses of the data signal kd,i+2 and the pilot signal kp.i is made the 
estimated transmission line response. Also, for the data signal kd,i+3, the 
average of the estimated transmission Une responses of the data signal kd.1+2 
and the pilot signal kp,i+4 is made the estimated transmission line response. 
By using this interpolation system, it is made possible to almost linearly 
interpolate the transmission line response between the pilot signals kp.i and 

kp,i+4. 
[0047] 

Since the transmission line response is processed by the binary 
digital signals, the simple bit shift can be used for the operation of the 1/2 in 
the above equations. 
[0048] 

Fig.l is an arrangement for realizing the Eq.(6), An adder 21 adds 
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transmission line response estimate values H(l,kp,i) and H(l+4,kp,i+4) of pilot 
signals, a bit shift circuit 22 shifts the sum by 1 bit to multiply by 1/2. The 
output of the bit shift circuit 22 is now made a value H (l+2,kp.i+2). 
Furthermore, an adder 23 sums the value H(l,kp,i) and the output of the bit 
shift circuit 22, a bit shift circuit 25 shifts the obtained sum by 1 bit to obtain 
a value HQ+l.kp.i+i). Similarly, an adder 24 adds the value H(l+4,kp.i+4) and 
the output of the bit shift circuit 22, and a bit shift circuit 26 shifts the 

obtained result by 1 bit to obtain a value H(l+3,kp.i+3). 
[0049] 

By the arrangement of this embodiment, the multiplier is made 
unnecessary in the interpolation circuit, so that the scale of the hardware 
can be reduced. Also, in this system, storage of two pilot signals in time 
direction is sufficient to each carrier where the pilot signals are transmitted, 
so that the memory scale can also be reduced. 
[0050] 

Fig.2 shows an arrangement of a transmission hne response 
interpolation circuit used in the OFDM receiver as the second embodiment of 
the present invention. This interpolation circuit uses an FIR filter for the 
interpolation filter in a symbol direction. Fig.2 is an FIR filter with a tap 
number of Ntap, composed of delay circuits 27r27N, multiphers 28o-28n, for 
respectively multiplying the input and the outputs of the delays 28r28N by 
coefficients Aq-An and an adder 12 adding the output of the muftipHers 

28o-28n. 
[0051] 

The pilot signal is inputted to the delay 27i per symbol as H(l,kp,i), 
0, 0, 0, H(l+4,kp,i+4), ... , and 0 is inputted when the data signal is transmitted. 
The estimated transmission line response after the interpolation can be 
obtained from the output of the adder 12 as H(l+l,kp,i+i), H(l+2,kp,i+2), H 

(l+3,kp,i+3) 

[0052] 

With the arrangement of this embodiment, a plurality of multipliers 
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are required, so that the circuit scale is enlarged, while an estimate precision 
of the transmission line response is enhanced compared to the system of the 
first embodiment using the bit shift. 
[0053] 

While the method of interpolating the pilot signal in the time 
direction has been described by taking the interpolation using the FIR filter 
and the simplified linear interpolation as the embodiments, the estimation of 
the transmission line response for the data signal position using the 
interpolation system was performed and simulations of the S/I after the 
equalization were compared. 
[0054] 

As a transmission line model, a single -wave Rayleigh fading 
transmission line is assumed and an average reception C/N=30 dB. Fig. 3 
shows the transmission line model. 
[0055] 

As a coefficient an of the Rayleigh fading, the following value studied 
by Jakes has been used. 
[Eq.8] 

an=|2^COS/?n-COSa;nt+v'5cosa-COS2;rfdt I + 

j ' |2 5^sin/?n*cosa^nt + /2slnar'cos27rfdt^ 



Where is maximum Doppler frequency, and Jn=2zrfd • COS-j^^ No==8 ^ (7) 
N =2||2No +l) . =^ -J . /?r =fj^ are set 

[0056] 

In this case, the real portion and the imaginary portion of an 
respectively follow the Gaussian random process so that the transmission 
line output Xn-an is influenced by the Rayleigh fading in which the ampUtude 
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has a Rayleigh distribution and the phase has a uniform distribution. 
[0057] 

The simulation model is approximately compliant with the DVB-T 
6MHz version as shown in the following Table 1^ 
[0058] 
[Table 1] 



Item 


Parameter 


FFT Size 


N 


2048 


Val id carrier number 


Nc 


1705 


Pi lot signal number 




176 


Val id symbol length Tu 




303 fi s 


SampI ing frequency 


ft 


6,75MHz 


Guard interval length 


Tg 


Tu/4 


Modulation system 




QPSK 



[0059] 

Fig.4 shows the simulation result. As an interpolation method in 
time direction, the simplified hnear interpolation and the interpolation using 
the FIR filter as described in the above embodiments are simulated, and the 
simulation related to the method of holding the pilot signals for 4-symbol 
term as described in the prior art is performed for comparison. The abscissa 
shows the maximum Doppler frequency and the ordinate shows the S/I of the 
equahzer output. 
[0060] 

As for the holding type, the S/I of the equahzer output rapidly 
deteriorates as the Doppler fi:equency increases. However, by interpolating 
in time direction, an S/I ratio near 20 dB can be obtained even in case of the 
maximum Doppler frequency of 50 Hz. It is to be noted that as the Doppler 
fi-equency increases, the characteristic of the type using the FIR filter is 
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improved. However, at the Doppler frequency of 50 Hz, there is almost no 
difference in the characteristic for the simplified linear interpolation and the 
FIR filter, so that considering the point of the hardware scale, the simplified 
interpolation system is found to be effective. 
[0061] 

It is to be noted that there are two following causes for the 
characteristic deterioration despite performing the interpolation in time 
direction. 
[0062] 

Firstly, in this simulation, in order to make the condition as near as 
possible to the actual mobile unit reception conditions, the system in which 
the amplitude and the phase fluctuate by the sample point has been used. 
Therefore, the phase and the amplitude fluctuate even within a single 
OFDM symbol and the orthogonality of each carrier is broken so that ICI 
(inter-carrier interference) is generated, so that the characteristic 
deteriorates. 
[0063] 

Secondly, in the Rayleigh fading transmission line, a term is 
generated where the signal amplitude falls down around 0 so that the 
reception C/N is extremely decreased. In this term, the pilot signal falls 
down to the noise level so that the estimation of the accurate transmission 
line response becomes difficult, and the characteristic deteriorates. 
[0064] 

Generally in an OFDM system, in order to accommodate to the 
above-mentioned second characteristic deterioration, the data are dispersed 
by time interleave so that even if a certain transmission symbol falls down to 
a noise level, data of the other symbols can be used to reproduce the symbol. 
[0065] 

Also, as in the case of 2k FFT mode, if a single OFDM symbol length 
is comparatively short, the above-mentioned first characteristic 
deterioration is not such a big problem. However, in case of performing the 
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mobile reception at 4k or 8k mode, the first characteristic deterioration 
requires to be addressed somehow. Therefore, hereinafter, an embodiment 
related to the equalization in the time domain capable of canceling the ICI 
will be described. 
[0066] 

As the equalization method in the time domain, as described in the 
prior art, there is a method of performing linear interpolation the 
transmission line response for the sample indexes Ng to Ng+N corresponding 
to the valid symbol term of the OFDM symbol where the transmission line 
response of the sample index Ng-1 shown in Fig. 17 is made 1, the 
transmission line response of Ng+N is made h. 
[0067] 

On the contrary, Fig. 5 shows, as a simple realization of the linear 
interpolation, the embodiment (the third embodiment) of stepwise 
interpolation interpolating the transmission line response stepwise form. 
Fig.7(a) divides the valid symbol term into three, Fig.7(b) divides the valid 
symbol term into five, and Fig. 7(c) divides the valid symbol term into nine, to 
allocate the estimated transmission line response to the samples stepwise, 
respectively called step 3, step 5 and step 9, As an example, the step 5 of 
Fig.5(b) will now be described. 
[0068] 

Firstly, the transmission hne response 1 (Ci) of the sample index 
Ng-1 and the transmission line response h (Cs) of the sample index Ng+N are 
added and then divided by 2 to obtain (l+h)/2, which is made the estimated 
transmission line response (Cs) at the position of the sample index (2Ng+N)/2. 
Then, the obtained estimated transmission line response (Cs) at the position 
of the sample index (2Ng+N)/2 and the transmission line responsel(Ci) of the 
sample index Ng-lare added and then divided by 2 to obtain (3+h)/4, which is 
made the estimated transmission line response (C2) at the position of the 
sample index (4Ng+N)/4 and the estimated transmission line response (C3) at 
the position of the sample index (2Ng+N)/2 and the transmission line 
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(8) 



response h (C5) of the sample index Ng+N are added and then divide by 2 to 
obtain (l+3h)/4, which is made the estimated transmission line response (C4) 
at the position of the sample index (4Ng+N)/4. The transmission line 
responses obtained so far are allocated to the sample signals as follows: 
[0069] 
[Eq.9] 

hn^l, Ng<n<— 1^ 

r 3+h SNo-t-N 8Nq+3N 
*^n=-4- e ''"^ 8 

- 1+h 8Na+3N 8Nn+5N 

h — — « <n<: ^ 

"n- 2 8 8 

- 1+3h 8Ng+5N 8Ng+7N 
"n=^"4~ 8 " 8 

r ^ 8Ng+7N 

hn = h — — <ii<Ng + N 

[0070] 

It is to be noted that in the operation for obtaining the estimate hn, a 
simple bit shift operation as described in the first embodiment can be used 
for the operation of dividing by 2, so that the hardware scale can be reduced. 
[0071] 

Fig.6 shows a block arrangement diagram showing the hardware 
realization of Fig.5(b). 
[0072] 

Firstly, the transmission Une responsel(Ci) of the sample index Ng-1 
and the transmission line response h (C5) of the sample index Ng+N are 
added by and adder 32 and then shifted by 1 bit by a bit shift circuit 33 to 
obtain the estimated transmission line response (l+h)/2, which is made the 
estimated transmission Une response (C3) at the position of the sample index 
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(2Ng+N)/2. Then, the obtained estimated transmission line response (C3) at 
the position of the sample index (2Ng+N)/2 and the transmission Une 
response 1 (index Ci in Fig.6) of the sample index Ng-1 are added by an 
adder 30 and then shifted by 1 bit by a bit shift circviit 31 to obtain (3+h)/4, 
which is made the estimated transmission Une response (C2) at the position 
of the sample index (4Ng+N)/4. At the same time, the estimated transmission 
line response (C3) at the position of the sample index (2Ng+N)/2 and the 
transmission line response h (index C5 in Fig.6) of the sample index Ng+N 
are added by and adder 34 and then shifted by 1 bit by a bit shift circuit 35 to 
obtain (l+3h)/4, which is made the estimated transmission line response (C4) 
at the position of the sample index (4Ng+N)/4. 
[0073] 

As described above, by the arrangement of this embodiment, the 
hardware can be realized by a simple arrangement of the adders 30, 32, 34 
and the bit shift circuits 31, 33, 35. 
[0074] 

It is to be noted that while the above description was made for 
Fig.5(b), the interpolation is also possible for Fig.5(c) by a similar 
consideration. This is made the fourth embodiment, and the block diagram is 
shown in Fig. 7 in which in addition to the arrangement of Fig.6, the 
transmission line response 1 (index Ci in Fig.7) of the sample index Ng-1 and 
the estimated transmission line response C2 at the position of the sample 
index (4Ng+N)/4 are added by and adder 36 and then shifted by 1 bit by a bit 
shift circuit 37 to obtain (7+h)/8, which is made the estimated transmission 
line response Ce at the position of the sample index (8Ng+N)/8. The 
estimated transmission line responses C2 and C3 are added by and adder 38 
and then shifted by 1 bit by a bit shift circuit 39 to obtain (5+3h)/8, which is 
made the estimated transmission line response C7 at the position of the 
sample index (8Ng+3N)/8. The estimated transmission line responses C3 and 
C4 are added by and adder 40 and then shifted by 1 bit by a bit shift circuit 
41 to obtain (3+5h)/8, which is made the estimated transmission line 
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response Cs at the position of the sample index (8Ng+5N)/8. The estimated 
transmission line responses C4 and C5 are added by and adder 42 and then 
shifted by 1 bit by a bit shift circuit 43 to obtain (l+7h)/8, which is made the 
estimated transmission line response C9 at the position of the sample index 
(8Ng+7N)/8. The obtained transmission line responses are distributed to the 
samples in the valid symbol term as follows: 
[0075] 
[Eq.lO] 

r 16Ng+ N 
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In this embodiment, it is made possible to increase the number of 
estimated transmission line responses (namely, the number of division of the 
vaUd symbol term) by repeating the operation of adding the adjoining 
transmission line responses and then dividing by 2. Such a number can be 
generally indicated by 1+2" (where n is a positive integer). In this case, as 
described above, a simple bit shift operation can be used, thereby being 
effective for reducing the hardware scale. 
[0077] 

Fig.8 is a block diagram showing an OFDM receiver of the fifth 
embodiment of the present invention. In Fig.8, the OFDM signal received by 
an antenna 44 receives the equalization in the time domain by a time domain 
equaUzer 47 after passing through the analog signal processing portion 45 
and synchronous demodulator 46. The equahzed signal has the guard 
interval deleted therefi-om by a guard remover 48, transformed into a signal 
of the frequency domain by an FFT 49, and receives the equahzation in the 
frequency domain by a frequency domain equahzer 50. By the arrangement 
of this embodiment, the equalizations in the time domain and the frequency 
domain are combined, so that an excellent equahzation characteristic can be 
obtained. 
[0078] 

A simulation in a single -wave Rayleigh fading transmission line in 
case where the equalization is conducted in the time domain using the 
above-mentioned interpolation method was performed. 
[0079] 

Firstly, the simulation system diagram will be simply described 
referring to Fig.9. In the transmitting system 51 of Fig.9, the random data 
generated by the random data generator 511 are allocated (Xk) to a plurality 
of carriers that are mutually orthogonal by the mapping portion 512, 
transformed into time axis data (xn) by an IFFT portion 513, a guard interval 
is added by a guard adder 514 to be transmitted and outputted. The 
transmission output goes through the transmission line 53, further through 
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an adding device 54 that adds the AWGN (additive Gaussian noise) to be 

transmitted to the receiving system 52. 

[0080] 

In the receiving system 53, the received signal is transformed into 
digital signal (xn) by receiving the power control to have a fixed peak by a 
quantization (A/D) peak power control circuit 521, receive equalization (xnO 
in time domain by a time domain equalizer 522, thereafter the guard signal 
interval is deleted therefirom by the guard remover 523, transformed into a 
signal of the fi-equency domain by an FFT portion 524, receives the 
equaUzation in the fi-equency domain by a firequency domain equalizer 525 to 
be outputted. The output Xk is transmitted to an S/I computing unit 55. The 
S/I computing unit 55 performs the S/I operation by the mapping output Xk 
of the transmitting system 51 and the output Xk of the frequency domain 
equalizer 525 of the receiving system 52 to obtain the simulation result. 
[0081] 

Namely, the output S/I of the frequency domain equalizer 525 of the 
above-mentioned receiving system 52 is calculated by a simulation. The 
simxdation model is shown in Table 2. The simulation was performed for an 
FFT size 4k and 8k modes. Also, the Rayleigh fading was generated using 
the Jakes' model. 
[0082] 
[Table 2] 
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Item 



Parameter 



Fpr ■ Size N 
Valid carrier number Nc 

Va II d symbo I I ength Tu 
Samp I ing frequency U 

Guard interval length Tg 
Modulation system 



4096 8192 
3409 6817 
606 /iS 1212 
6.75 MHz 
Tu/4 
QPSK 



[0083] 

Firstly, the average number of sample points (sample point number 
for performing correlation operation) described for Eq. (2) that derives h 
were compared and considered. Fig. 10 shows the simulation result. This is 
the result at the time of an average reception C/N=30 dB and maximum 
Doppler frequency 50 Hz, where the interpolation method (step 9) dividing 
the vaUd symbol term into 9 as shown in Fig.5(c) is used as the interpolation 
method used for the equaUzation in the time domain. Also, the 71 tap FIR 
filter is used for the interpolation in carrier direction used for the 
equaUzation in the frequency domain and the simplified linear interpolation 
shown in the first embodiment is used for the interpolation in the symbol 
direction. 
[0084] 

As a resxdt of the simulation, the average point number obtaining the 
best output S/I is found to be in the rage of 100-300 points. 
[0085] 

The S/I of the equalization outputs according to the difference of the 
above-mentioned interpolation methods were compared and considered. 
Fig. 11 shows the simulation result. This is the result at the time of the 
average reception C/N=30 dB, the maximum Doppler frequency fd=50 Hz, 
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and the linear interpolation, the step 3, the step 5 and the step 9 are used as 
the interpolation method used in the equalization in the time domain. Also, 
the 71 tap FIR filter is used for the interpolation in the carrier direction used 
for the equalization in the frequency domain and the simplified linear 
interpolation is used for the interpolation in the symbol direction. 
[0086] 

As a result of the simulation, in case of the step 9 that interpolates 
stepwise by dividing the valid symbol term into 9, there is almost no 
characteristic deterioration for the linear interpolation, while it has been 
made clear that the characteristic deteriorates for the lesser number of 
division. 
[0087] 

The effects of the time domain equalization were compared and 
considered. Figs. 12(a) and (b) show the simulation results. Fig. 12 (a) shows 
the result at the time of the average reception C/N=30 dB, FFT 4k mode and 
Figl2(b) shows the result at the time of the average reception C/N=30 dB, 
FFT 8k mode. The abscissa shows the maximum Doppler frequency and the 
ordinate shows the S/I of the equalizer output. 
[0088] 

The characteristic shown by marks ODA in Figs. 12(a) and (b) are 
obtained by using the simplified linear interpolation in the symbol direction 
and the FIR filter interpolation in the carrier direction for the interpolation 
method used for the equalization in the frequency domain. On the other 
hand, as for the characteristic shown by the mark x , interpolation is not 
performed in the symbol direction, while only performing the interpolation 
using the FIR filter in the carrier direction to obtain the characteristic. Also, 
as for the equalization in the time domain, the mark O shows the result of 
performing no equaUzation in the time domain, the marks □ and x show 
results of performing the linear interpolation and the mark A shows the 
result of performing the step 9 interpolation. Table 3 provides a summary of 
interpolation methods used in the above-mentioned equalizers. 
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[0089] 
[Table 3] 





FreauencY domain 


Time domain 




S^rtx)t direction (time direction) 


Carrier direction 


o 


Sinplified linear interpolation 


Ocnplex FIR filter 
ai taps) 


None 


□ 


Sinplified linear interpolation 


Ocnplex FIR filter 


.inear interpolation 




Sinplified linear interpolation 


Ocnplex FIR filter 


Step 9 


X 


None 


Ocnplex FIR filter j 


Linear intaix)latlon 



[0090] 

From the results, it is found that when the interpolation is not 
performed in symbol direction for the equalization in the frequency domain, 
even if the equaUzation in the time domain is performed, there is no effect 
and the characteristic deteriorates. On the other hand, by performing the 
equaUzation in the time domain and the frequency domain, when the FFT 8k 
mode is used, improvement of the S/I by 2dB can be obtained compared to 
the equalization only in the frequency domain at the maximum Doppler 
frequency 50 Hz. 
[0091] 

The foregoing consideration reveals that as shown by the 
embodiment in Fig.8, the equalization in the time domain is effective when 
used in combination with the equalization using the interpolation in symbol 
direction for the frequency domain. 
[0092] 

The present invention provides, in case of the equalization in the 
frequency domain, an excellent interpolation system in estimating the 
transmission line response which requires no multiplier that increases the 
circuit scale as the interpolation system in time direction. In this method, in 
order to estimate a transmission line response of a data signal between the 
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pilot signals aligned on the time axis, the pilot signals are added and then 
multiplied by 1/2, the result thereof is further multiplied by the pilot signal 
and then multiplied by 1/2 to interpolate and estimate the transmission line 
response of the data signal. While the interpolation circuit is composed of an 
adder for adding the pilot signals and a multiplier for multiplying the 
addition result by a coefficient, in a receiver performing a signal processing 
by a binary digital signal, the multiplier can be arranged by a bit shift circuit 
having a simple arrangement, so that it is made possible to reduce the 
hardware scale. 
[0093] 

On the other hand, as for the equalization in time domain, by 
dividing the vahd symbol term into a plurality of blocks, and by allocating a 
fixed transmission Hne response to the blocks, the hardware scale can be 
reduced. Also, in order to obtain the transmission line response allocated to 
the blocks, by substituting the bit shift circuit for the multiplier, the 
hardware scale can be reduced. 
[0094] 

Moreover, by using the equaUzations in the time domain and the 
fi-equency combined, it is effective for obtaining an excellent equalization 
characteristic can be obtained for a fading transmission line. 
[0095] 

[Effect of the Invention] 

As described above, according to the present invention, in case of the 
equahzation in the frequency domain, an excellent interpolation system in 
estimating the transmission line response which requires no multiplier that 
increases the circuit scale as the interpolation system in time direction can 
be provided. 
[Brief Description of the Drawings] 

Fig.l is a block diagram showing an arrangement of a transmission 
line response interpolation circuit used in an OFDM receiver as the first 
embodiment of the present invention; 
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Fig.2 is a block diagram showing an arrangement of a transmission 
line response interpolation circuit used in an OFDM receiver as the second 
embodiment of the present invention; 

Fig.3 is a block diagram showing an arrangement of a transmission 
line model for comparing the transmission line response estimate results in 
the first and second embodiments; 

Fig.4 is a characteristic diagram illustrating the effects of the 
above-mentioned first and second embodiments; 

Fig.5 is a timing chart for dlustrating the stepwise interpolation 
processing used in the third and fourth embodiments of the present 
invention; 

Fig.6 is a block diagram showing an arrangement of a transmission 
line response interpolation circuit used in an OFDM receiver as the third 
embodiment of the present invention; 

Fig.7 is a block diagram showing an arrangement of a transmission 
line response interpolation circuit used in an OFDM receiver as the fourth 
embodiment of the present invention; 

Fig.8 is a block diagram showing an arrangement of an OFDM 
receiver as the fifth embodiment of the present invention; 

Fig.9 is a block diagram showing a system arrangement used in a 
simulation for iUustration of the effects of the above-mentioned 
embodiments; 

Fig. 10 is a characteristic diagram for illustrating the parameter 
dependence of the fourth and fifth embodiments from the relationship 
between the average point number and the S/I; 

Fig. 11 is a characteristic diagram for Ulustrating the parameter 
dependence of the above-mentioned the fourth and fifth embodiments firom 
the relationship between the interpolation division number and the S/I; 

Fig.l2 is a characteristic diagram for illustrating the effects of the 
above-mentioned the fourth and fifth embodiments; 

Fig. 13 is a diagram showing DVB-T specification sub-carrier 
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transmission format; 

Fig. 14 is a block diagram showing an arrangement of an equalizer in 
frequency domain; 

Fig. 15 is a diagram showing a transmission line response example 
and a pilot signal arrangement example; 

Fig. 16 is a diagram showing an arrangement of an OFDM symbol; 

Fig. 17 is a diagram showing an OFDM symbol and a transmission 
line response example; and 

Fig. 18 is a diagram illustrating a linear interpolation as an 
interpolation in time domain. 
[Explanation of Reference Numerals] 

11 FFT circuit 

12 memory 

13, 16 division circuit 

14 symbol filter 

15 carrier filter 

21, 23, 24 adder 

22, 25, 26 bit shift circuit 
27i-27n delay circuit 
28o-28n multiplier 

29 adder 

30, 32, 34, 36, 38, 40, 42 adder 

31, 33, 35, 37, 39, 41, 43 bit shift 

44 antenna 

45 analog signal processing portion 

46 synchronous demodulator 

47 time domain equalizer 

48 guard remover 

49 FFT 

50 frequency domain equalizer 

51 transmitting system 



33 



511 random data generator 

512 mapping portion 

513 IFFT portion 

514 guard adder 

52 receiving system 

521 quantization (A/D) peak power control circuit 

522 time domain equalizer 

523 guard remover 

524 FFT portion 

525 frequency domain equalizer 

53 transmission line 

54 adding device 

55 S/I computing element 
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[Amendments] 
iFiUngdate] 2000.1.31 
[Amendment l] 
In the Specification, Claims are amended as follows: 
[Claims] 

1. An OFDM receiver receiving an OFDM (Orthogonal Frequency 
Division Multiplex) signal having a guard term formed by copying a tail 
section of a valid symbol term to a head of the valid symbol term, calculating 
a variation of a transmission line response from the tail of the guard term 
and the tail of the valid symbol term of the received OFDM signal, and 
performing an equalization in a time domain by using the variation of the 
transmission line response, comprising: 

transmission line response estimation means dividing the vahd 
symbol into a plurality of blocks, and estimating the transmission line 
response of each of the oluralitv of blocks stepwise from the variation of the 
transmission line response; and 

time domain equaUzation means performing an equalization in a 
time domain for the valid symbol term based on each of the plurality of 
transmission Hne responses obtained by the transmission line response 
estimation means. 

2. The OFDM receiver as claimed in claim 1, wherein the transmission 
Une response estimation means use an adder and a bit shift circuit device for 
performing operation to obtain each of a plurality of transmission Une 
responses existing within the vaUd symbol from the variation of the 
transmission line response. 

3. An OFDM receiver receiving an OFDM (Orthogonal Frequency 
Division Multiplex) signal having a guard term formed by copying a tail 
section of a valid symbol term to a head of the valid symbol term and a pilot 
signal whose amplitude and phase are known arranged on a frequency axis 
and a time axis, comprising: 

time domain equahzation means calculating a variation of a 
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transmission line response from the tail of the guard term of the received 
OFDM signal and the tail of the valid symbol term, dividing the vaUd 
symbol into a plurality of blocks, estimating the transmission line response 
of each of the plurality of blocks stepwise from the variation of the 
transmission line response, and performing an equalization in a time domain 
for the vaUd symbol term based on the transmission line responses of the 
plurality of blocks ? and 

frequency domain equalization means processing and estimating a 
transmission line response of the pilot signal as a binary digital signal, and 
interpolating a transmission Une response of a received data signal to 
perform an equalization in a frequency domain. 

4. The OFDM receiver as claimed in claim 3, wherein the frequency 
domain equaUzation means sequentially take out a successive first and a 
second pilot signal on the time axis from a received output of the OFDM 
signal and add a first and a second transmission line response of the first 
and the second pilot signal, obtain a third estimated transmission line 
response by shifting an addition result by a bit, interpolate the transmission 
line response of the data signal between the successive first and the second 
pilot signal on the time axis by using at least the third estimated 
transmission line response, and perform the equalization in the frequency 
domain based on the estimated transmission line response interpolated. 

5. The OFDM receiver as claimed in claim 3, wherein the frequency 
domain equalization means sequentially take out successive pilot signals on 
a time axis from a received output of the OFDM signal, arrange the pilot 
signals in a time series by inserting 0 at an arrangement position of the data 
signal between the pilot signals, interpolate the transmission line response 
by performing a convolution operation to the signal arranged in the time 
series, and perform the equalization in the frequency domain based on the 
estimated transmission line response inte3T)olated. 

6. The OFDM receiver as claimed in claim 3, wherein the time domain 
equalization means use an adder and a bit shift circuit device for performing 
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operation to obtain the transmission line responses of the plurality of blocks 
existing within the valid symbol from the variation of the transmission line 
response. 

[Amendment 2] 
In the Specification, Paragraph 0032 is deleted. 

[Amendment 3] 
In the Specification, Paragraph 0033 is deleted. 

[Amendment 4] 

[Amended Document Name] Specification 
In the Specification, Paragraph 0034 is amended as follows: 
[0034] 

(1) An OFDM receiver receiving an OFDM (Orthogonal Frequency 
Division Multiplex) signal having a guard term formed by copying a tail 
section of a vaUd symbol term to a head of the vahd symbol term, calculating 
a variation of a transmission line response from the tail of the guard term 
and the tail of the valid symbol term of the received OFDM signal, and 
performing an equahzation on a time axis by using the variation of the 
transmission Una response is characterized by comprising: transmission line 
response estimation means dividing the vahd symbol into a plurality of 
blocks, and estimating the transmission Une response of the blocks fi-om the 
variation of the transmission line response stepwise ; and time domain 
equahzation means performing an equalization in a time domain for the 
vahd symbol term based on the plurality of transmission Une responses 
obtained by the transmission Une response estimation means. 

[Amendment 5] 
In the Specification, Paragraph 0035 is amended as follows: 
[0035] 

(2) In the arrangement of (1), the transmission Une response 
estimation means are characterized by using an adder and a bit shift circuit 
device for performing operation to obtain a pluraUty of transmission Une 
responses existing within the vaUd symbol fi:om the variation of the 
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transmission line response. 

[Amendment 6] 
In the Specification, Paragraph 0036 is amended as follows: 
[0036] 

(3) An OFDM receiver receiving an OFDM (Orthogonal Frequency 
Division Multiplex) signal having a guard term formed by copying a tail 
section of a valid symbol term to a head of the valid symbol term and a pilot 
signal whose amplitude and phase are known arranged on a fi:equency axis 
and a time axis is characterized by comprising: time domain equalization 
means calculating a variation of a transmission line response from the tail of 
the guard term of the received OFDM signal and the tail of the valid symbol 
term, dividing the valid symbol into a plurality of blocks, estimating the 
transmission line response of the blocks from the variation of the 
transmission line response stepwise , and performing an equalization in a 
time domain for the valid symbol term based on the plurality of transmission 
line responses; and frequency domain interpolation means processing and 
estimating a transmission Hne response of the pilot signal as a binary digital 
signal, and interpolating a transmission line response of a received data 
signal to perform an equaUzation in a frequency domain. 

[Amendment 7] 
In the Specification, Paragraph 0037 is amended as follows: 
[0037] 

(4) In the arrangement of (3), the frequency domain equahzation 
means are characterized by sequentially taking out a successive first and a 
second pilot signal on the time axis from a received output of the OFDM 
signal and add a first and a second transmission line response of the first 
and the second pilot signal, obtaining a third estimated transmission line 
response by shifting an addition result by a bit, interpolate the transmission 
line response of the data signal between the successive first and the second 
pilot signal on the time axis by using at least the third estimated 
transmission line response, and performing the equalization in the frequency 
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domain based on the estimated transmission line response interpolated. 

[Amendment 8] 
In the Specification, Paragraph 0038 is amended as follows: 
[0038] 

(5) In the arrangement of (3), the frequency domain equahzation 
means are characterized by sequentially taking out successive pilot signals 
on a time axis from a received output of the OFDM signal, arranging the 
pilot signals in a time series by inserting 0 at an arrangement position of the 
data signal between the pilot signals, interpolating the transmission line 
response by performing a convolution operation to the signal arranged in the 
time series, and performing the equalization in the frequency domain based 
on the estimated transmission line response interpolated, 

[Amendment 9] 
In the Specification, Paragraph 0039 is amended as follows: 
[0039] 

(6) In the arrangement of (3), the time domain equalization means 
are characterized by using an adder and a bit shift circuit device for 
performing operation to obtain a plurahty of transmission Une responses 
existing within the valid symbol from the variation of the transmission Une 
response. 
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